Nisin, produced by some strains of Streptococcus lactis, is one of the family of polypeptide antibiotics which has not yet been used medically (Gowans, Smith & Florey, 1952) . It has, nevertheless, a practical as well as an academic interest, since it is used in the cheese-processing industry (Berridge, 1953) .
The preparation of nisin has already been the subject of several papers. Mattick & Hirsch (1947) described the production of concentrates having a specific activity of two '1947 units'/,g., with a yield of 20 %. Owing to the absence of adequate precautions it is only likely and not certain that the ' 1947 units' were almost equal to those in use now.
Probably the concentrates contained about 4 % of actual nisin. Concentrates made by similar methods were used for the preparation of crystalline nisin (Berridge, 1949) . Losses occurred in this further purification, but they were diminished by reactivation which occurred at one stage. Since the raw material for the preparation of crystals was made commercially it was impossible to ascertain the overall yield, but it was probably of the order of 10 %.
A newer method was described by Falconer (1952) . In this method nisin was caused to remain with the bacterial cells by maintaining the pH at about 6. After the cells had been collected the nisin was extracted from them with acidified aqueous acetone or other solvents, and further purified by methods similar to those described earlier (Berridge, 1949) . Considerable increases in yield were claimed, but no actual figures were given, and it is probable that the increases were due to the higher activity produced in the brew by techniques described at the same time elsewhere by Hirsch (1951) .
The methods by which a desired substance may be concentrated and purified depend not only on the properties of the substance, but also on those of the materials with which it is associated. This was so in the preparation of nisin to be described. Having taken advantage of the high-yielding medium of Hirsch and an improved method of concentration, we found the properties of the resulting mixture to be such that none of the techniques previously described (Berridge, 1949) could be used. The whole procedure was therefore worked out afresh with the result that we now have a method giving about 50 % of the brew activity as a product almost free from inactive material. In this form it is not suitable for chemical investigations, but, unlike the cruder material, it can be purified without difficulty by countercurrent distribution. A portion so purified yielded 65 % of the biological activity as nisin A (cf. Berridge, Newton & Abraham, 1952) . The rest of the activity was accounted for by other peptides. Only a small amount of nisin B was detected. METHODS
Culture. From stocks of freeze-dried cultures of StreptococcuS lactis 354/07 used by Hirsch (1951) , three individual tubes (a), (b) and (c) were selected. These had been dried in 1950 from cultures originating (a) in 1947, (b) in 1948 and (c) in 1949. The maximum growth and nisin production was obtained with culture (a) growing at 300 for 14 hr. in the special nisin medium (see below) which had been sterilized at 121°for 15 min. The yield was, however, low, being only 340 units/ml., compared with approximately 2000 units/ ml. obtained by Hirsch. On further subculture the yield diminished to 250 units/ml. This is in agreement with the observations made by Hirsch that repeated subculture may reduce the amount of nisin a culture will produce. Following the suggestion of his paper, we suspected that intolerance to nisin was limiting the growth ofthe micro-organisms. Consequently we selected tolerant forms by (1) adding a 10% inoculum of culture (a) to a medium containing 500( units of added nisin/ml., and (2) plating the resultant culture after 24 hr. at 300 on to yeast-glucose-agar containing 2000 units of nisin/ml. Among cultures derived from colonies growing on this plate was one producing 700 units/ ml. in nisin medium. A stock of this was freeze-dried. Since the nisin production decreased on subculturing in normal media, each large-scale fermentation was begun with a fresh freeze-dried culture, which was propagated in the early stages in broth containing added nisin.
Medium. The enriched medium devised by Hirsch (1951) was used. When required in quantities greater than 11. it was prepared as follows. The peptone and Lemco were dissolved together at a concentration ofabout 15 % (w/v) each. The glucose was prepared as an approxiimately 33% (w/v) solution. These nutrients were sterilized by steaming for 3 successive days and just before inoculation they were Scheme 1. Summary of preparation mixed with the salts and tap water, which were not sterilized. Antibiotic as8ay. This was carried out by the turbidimetric method previously described (Berridge & Barrett, 1952) . The results were expressed in the same units.
Specific activity. The specific activity of any preparation was defined as the number ofunits of bacteriostatic activity/ pg. of organic dry wt. The dry weights of samples were determined by evaporation at 1000, except when much salt was present. In such cases the nisin was in the form of a precipitate. This was dissolved in 0-01 N-HCI, reprecipitated with 3 vol. of acetone, again dissolved in dilute acid, and dried by evaporation at 100°. In this way sufficient separation from salt was achieved.
Although the medium was so highly buffered, it was thought desirable to maintain the pH between 5 9 and 6-1 by hourly adjustment. This treatment increased the growth of the streptococci as judged by opacity, but the yields of nisin did not show a marked increase over the 700 units/ml. produced by the selected culture grown without pH adjustment. Over seven fermentations the average yield was 740 units/ml., the maximum being 1000. In this medium Hirsch obtained yields around 2000 units/ml. Only once, and then on a small scale, did we observe a yield of this value.
After incubation for 16 hr. the quantity of NaOH required/hr. to maintain the pH began to diminish, and the fermentation was then stopped by bringing the pH to 1-8-2-0. This needed 6-7 litres of lOw-HCI.
PREPARATIONS
Large-scale fermentation Each culture was worked up according to the following scheme, in which arrows denote inoculation, and time intervals the periods of incubation. Hirsch's broth was used throughout, and all incubations were at 300. Freeze-dried ampoule--10 ml. of broth, 24 hr.-÷100 ml., 24 hr. (nisin production and purity checked)--100 ml. containing 500-1000 units of added nisin/ml., 24 hr.-*7 bottles of 100 ml. The previous experience of losses of activity during preparation contrasted with the stability during countercurrent distribution and suggested that concentration by extraction with an organic solvent might be successful. Experiments on this basis led to the use of n-propanol (ordinary commercial grade, Honeywell and Stein Ltd.) to extract nisin from medium which was also almost saturated with NaCl.
Although most of the nisin was found to be dissociated from the cells at the end of fermentation, before acid had been added, previous experience suggested that highly acid conditions were preferable for maximum yield and stability. This procedure was therefore retained. The majority of the dead cells were allowed to settle overnight at pH 1-8-2-0, and the supernatant liquid was siphoned off. It was still cloudy, but the relatively small proportion of cells remaining was insufficient to interfere with the subsequent processes.
(It was found, on the other hand, that if the settling and decanting were omitted difficulty ensued in the form of large quantities of intractable precipitate and propanol-saline emulsion, which obstinately retained the nisin. This reduced the yield by propanol extraction from nearly 100 to 30%.)
To each litre of broth was now added 100 ml. of n-propanol, followed by 300 g. of NaCl (commercial pure dried vacuum salt). The propanol was allowed to dissolve before the salt was added. The NaCl had the effect of diminishing the solubility of both nisin and propanol, so that the supernatant layer of propanol which appeared after a short time carried most of the activity. This layer was next separated by siphoning and centrifuging, and a second extraction was made with 30 ml. of propanol/litre of residual broth.
In this way 85-100 % (the mean of six experiments was 93.5 %) of the nisin from 150 1. of broth was concentrated into 10 1. of clear-yellow propanolic solution. (Both layers, of course, contained propanol, but 'propanolic' is used here and subsequently to denote the supernatant solution, which is richer in propanol.)
The propanolic solution was further concentrated by a repetition of the process used in its preparation; to each litre was added 7 1. of 0-1 N-HCI, followed by excess of NaCl, whereby all the nisin and some of the propanol were salted out. After about 1 hr. the mixture separated into three layers, the upper two being of small volume. After collecting and centrifuging the supernatant layers, one-half of the nisin was found in the clear-brown top layer, and the rest in a grey precipitate which formed a layer between the propanol and the aqueous NaCl solution. The propanolic solution and the precipitate, which was separated and redissolved in 0-05N-HCI, were purified separately.
(1) The propanolic solution. The process of salting-out could be repeated with the concentrated propanolic solution, to achieve further concentration, but whenever this was done marked losses in antibiotic activity were experienced. A different method was therefore used for further concentration. The propanolic solution was cooled to 00, precipitated with 3 vol. of ice-cold acetone, and the mixture cooled in metal centrifuge buckets to -15°im-mediately before centrifuging for 10 min. Even after this time the mixture was quite cool, and when the precipitate was redissolved at once, in the minimum of 005N-HCI, full recoveries were obtained. Previous experiments had shown that without the precaution of cooling much nisin was lost, although nisin itself is not inactivated by acetone.
In order to assist solution of the nisin and at the same time to destroy any enzymes which might have been present, the mixture of precipitate and 0-05N-HCI was heated at 70°f or 30 min. Traces of insoluble substances remaining were separated by centrifuging and they were found to have only negligible activity.
To the warm acid solution was added KH2PO4 to a concentration of M. Nisin then began to be precipitated and the process was allowed to go to completion overnight at 1-4°. The precipitate, after centrifuging, was dissolved in 0-05N-HCI to give a nisin solution with a specific activity of about 2-2 units/,ug. The yields here and at subsequent stages are shown in Schemes 1 and 2 and in Table 1 .
Further purification was achieved by partition in a mixture of n-butanol-water-acetic acid (3:4: 1, by vol.) and enough concentrated ammonia to bring the lower phase to pH 3-5. The partition coefficient [ = (concn. in butanol phase)/(conen. in aqueous phase)] of nisin increases with increasing pH, but the solubility diminishes. A convenient compromise is reached at pH 3-5. Here the nisin has a partition coefficient of about 4, whereas the overall coefficient of the bulk of the solutes is about 0 5. The solution of nisin in 0-05N-HCR served in place of water for the first partition. Two more extractions of the remaining lower layer were made with upper layer prepared separately. These extractions should have removed practically all the bacteriostatic activity from the aqueous phase, but in fact only 80-90 % of it was finally obtained in the butanol phase.
Owing to the low solubility of nisin in this system it was necessary to use upper phase equal in volume to that of the lower phase for each extraction. There was thus a threefold increase in volume at this stage.
Nisin was separated from the mixed upper layers by partial precipitation with acetone in the cold, the technique described above being used. Precipitates were collected after 15, 2 and 6 vol. of acetone had been added. The last two precipitates were low both in quantity and in specific activity, so that only the first was chosen for further purification. It was dissolved in the minimum of 0.01 N-HCI and heated to boiling point for 1 min. Fractionation with acetone by the same scheme was now repeated. The results here were a little different owing to the absence of the butanol, but the first precipitate still contained the major part of the nisin and had the highest specific activity, namely 28 units/,ug. The nisin A separated by countercurrent distribution by had a specific activity of 32 units/pg. It was therefore reasonable to assume that the present preparation was approaching purity. It was redissolved in 0-O1N-HCI and again boiled for 1 min., for partial sterilization, and stored in the refrigerator until it could be further purified by counterculrrent distribution.
(2) The interfacial precipitate. The solution in HCI (see above) was purified by precipitation from M-KH2PO4 as described for the propanolic solution. Since the specific activity of the precipitate was much higher in this case, only the fractionation with butanol was carried out and further fractionation with acetone was not necessary. Two-thirds of the butanol were evaporated under reduced pressure at a bath temperature of 47-50°, and the nisin was separated by the addition of excess of acetone (6 vol.) . In this case the precaution of cooling the mixture was not necessary, and when the precipitate, moist with acetone, was immediately redissolved in dilute acid, there were no losses in activity. This was the usual experience with precipitates having a specific activity of about 25 units/pg. or more, and was in marked contrast to the instability of the impure products at earlier stages of the preparation. This production of a precipitate containing 25-30 units/,ug. completed the preparation of the second fraction.
RESULTS
A particular example of the preparation is given in Schemes 1 and 2. The products ofthree batches were bulked for the preparation described in Scheme 2, and the percentage recovery has been used to calculate the yield for this subsection of Scheme 1, so as to arrive at a total yield for a single example beginning with 160 x 106 units. It can be seen that over 50 % of the activity of the broth was obtained in a highly purified form.
Countercurrent distribution (340 transfers) of the first fraction (i.e. that derived from the propanolic solution) in n-butanol-ammonium acetate-acetic acid buffer showed one major and several minor peaks, and permitted the isolation of the material of the major peak in a yield of about 65 % of the total biological activity submitted to the distribution. About 20 % of the activity remained with the lower layers at the beginning of the distribution series where it was associated with a small amount of insoluble material and stable emulsion. The rest of the activity was accounted for by various minor peaks and small portions of the major peak which were overlapped by impurities. A portion of the isolated material was submitted to analytical countercurrent distribution in the solvent used by . The results confirmed that the fraction behaved as a single peptide. It had the same partition coefficient and the same specific activity as nisin A.
Fraction 2 has not yet been subjected to countercurrent distribution, but the acetone precipitates have been dried, some by freeze-drying an aqueous solution, some by washing with dried acetone and removing acetone in vacuo at -5'. Such powders do not give the expected activity on dissolving in 0-01 N-HCI. Full recovery of activity has been obtained, however, in some cases, e.g. in fraction 2 of fermentation no. 6, by dissolving in a small amount of 0-01 N-HC1, adding ethanol to 80 % (v/v) , and leaving at room temperature for 4-5 hr., before diluting and assaying. A similar recovery ofactivity can be obtained by using a solution of 6 M urea in the place of 80 % ethanol. Partial reactivation is also obtained by leaving a dilute solution in 0-01N-HC1 standing at room temperature for 24 hr. before assaying, and again by heating the dilute solution to 1000 for 1 min. Since these observations the drying of nisin has been avoided until the phenomena are better understood.
DISCUSSION
The stability of nisin under certain conditions (for example, it can be boiled in 0-05N-HCI for several minutes without its activity being diminished) is in marked contrast to its lability during isolation. In attempting to concentrate solutions in aqueous propanol beyond a certain level, in trying to extract nisin from broth with butanol and in exploring the possibilities of fractional precipitation with acetone at room temperature, severe losses were encountered. The same occurred when light petroleum was added to a mixture of the propanolic solution and dilute acid with the aim of transferring the nisin to the aqueous phase. The losses in preparing nisin by the method of adsorption on to chloroform emulsion were also heavy (Mattick & Hirsch, 1947) . All these methods had one, possibly two, features in common; they produced a copious precipitate or emulsion and they denatured any sensitive proteins which may have been present, either by the action of the solvent itself or by adsorption on to the surface of the emulsion. A quantity of material which remained insoluble in dilute acid was always formed when these methods were applied. The readiness with which proteins form complexes during denaturation is well known (see, for example, Kleezkowski, 1949; Turner & Boyer, 1952) , and it is reasonable to assume that low yields of nisin by these methods were due to the irreversible formation of complexes between the nisin and proteins derived from the bacteria. Hence the need for a different technique in preparing nisin from an enriched medium.
Results obtained in the course of this work confirmed the earlier observation (Berridge, 1949) that the use of phosphate to salt out solutions made from dried crude nisin gives a variable 0) increase in activity. For this reason the phosphate salting-out step was retained, but, it is to be noted, at a different pH.
The failure of the butanol mixture, in which the partition coefficient of the nisin was 4, to extract more than 90 % of the bacteriostatic activity from the lower layer with three equal volumes of upper layer suggests the presence of small quantities of an antibiotic of much lower partition coefficient. (The theoretical yield for three such extractions is 99-2%.) Although the yield of purified material is between 50 and 60 % it is worth emphasizing that most of the rest ofthe active material can be accounted for in the form of less pure fractions, and thus that the nisin I957
has not actually been destroyed. It would be available for uses in which chemical homogeneity was not essential. SUMMARY 1. A method of preparing the antibiotic nisin by extraction with solvents from broth in which the special strain of Streptococcu8 k6ti8 has grown is described.
2. The nisin was purified by salting out, solvent extraction and fractional precipitation with acetone.
3. The yield of almost pure antibiotic was about 1 g. from each 801. of broth.
